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Abstract 
Around the world, research and validation of carbon capture and storage (CCS) technology is taking place through 
demonstration projects. Valuable experience in developing, implementing, and operating CCS projects is being 
gained.  Knowledge shared from operating CCS projects is critical to understanding the technological aspects and 
non-technical implications of CCS. Utilizing experiences gained furthers best practices and facilitates commercial 
implementation of CCS by building capacity among scientists, project developers, and operators.  
 
The Illinois State Geological Survey (ISGS), in collaboration with the Midwest Geological Sequestration Consortium 
(MGSC), has created an international CCS capacity building and knowledge-sharing program in Champaign, Illinois 
USA. The Sequestration Training and Education Program (STEP) is funded by the U.S. Department of Energy to 
provide knowledge sharing and capacity building opportunities at all levels. STEP works to stimulate economic 
recovery and development by training personnel for work in conjunction with commercial CCS projects. 
Additionally, STEP works with national and international professional organizations and regional experts to leverage 
existing training opportunities and provide stand-alone training. STEP seeks to build capacity for CCS technology 
and knowledge sharing through quality educational experiences including regional, national and international 
exchange programs. STEP programs include knowledge sharing opportunities designed to further the understanding 
of the technical, political and societal concepts associated with CCS.  
 
STEP educational programs are built on the solid foundation of research being conducted through the ISGS and 
MGSC in the Midwestern region of the United States.  Programs are based on providing hands-on learning 
experiences and information sharing on CCS, through project level experience gained through the MGSC Illinois 
Basin – Decatur Project (Decatur, Illinois USA), Illinois Industrial CCS Project (Decatur, Illinois USA), Taylorville 
Energy Center (Taylorville, Illinois USA), and others. This unique research collaboration allows for the creation of 
knowledge sharing and capacity building programs that draw on CCS experts with pilot-scale and demonstration-
scale, project-specific experience to develop conferences, short courses, brown-bag lectures and workshops to meet 
diverse training needs.  A key program focus for STEP is to ensure that the multiple disciplines required for 
successful CCS operations have an appreciation for the contributions required from experts in multiple facets of 
permit development, engineering, geology, geophysics, hydrology, drilling and completion, surface facilities 
development to ensure a successful project. The development of the STEP center, capacity building and knowledge 
sharing experiences, and collaborations will be discussed. 
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1. Introduction 
The International Energy Agency (IEA) identifies CCS as necessary to mitigate greenhouse gas 
emissions in order to impact observed global climate trends [1].  In order to significantly deploy CCS as a 
mitigation strategy, the IEA Technology Roadmap [1] calls for 100 global projects by 2020 and over 
3,000 projects by 2050, many in developing countries. In order to expedite and facilitate the number of 
projects needed, knowledge transfer and capacity building from early projects must take place in the form 
of best practices documents, lessons learned, professional exchanges, professional papers and 
presentations, and programs specifically designed to transfer knowledge and experience from existing 
projects. 
To answer the need for capacity building and technology knowledge transfer in order to build on the 
scientific and operational experiences of carbon storage projects, The Illinois State Geological Survey 
(ISGS), in collaboration with the Midwest Geological Sequestration Consortium (MGSC), has created an 
international CCS capacity building and knowledge-sharing center in Champaign, Illinois USA. The 
Sequestration Training and Education Program (STEP) is funded by the U.S. Department of Energy to 
provide local, regional, national, and international education and training opportunities for engineers, 
geologists, service providers, regulators, executives, kindergarten through grade 12 students, educators, 
undergraduate students, graduate students, university and community college faculty members, and 
community programs and organizations through a variety of programs, products, and opportunities.  
2. STEP Program Development 
STEP was established in 2009 with $980,000 of American Recovery and Reinvestment Act (ARRA) 
economic stimulus funding provided through the U.S. Department of Energy National Energy Laboratory 
(DOE-NETL).  STEP was one of seven training grants given throughout the United States to establish a 
sequestration technology transfer program in a competitive bid process.  The funding provided for a 
three-year start-up period with an expectation that training centers would be self-sustainable and continue 
to provide training opportunities beyond the contract end.  
 
STEP draws on technical expertise based on more than 10 years of CCS experience and decades of 
geologic research, oil field experience, and social science research. STEP is closely aligned with the 
Midwest Geological Sequestration Consortium (MGSC) Illinois Basin – Decatur Project (IBDP) and 
DOE-NETL Phase II Projects and draws from experience gained through these projects. IBDP is a one 
million tonne deep saline reservoir CCS demonstration project, which began injection of CO2 in 
November 2011 and has over 300,000 tonnes stored to-date. In fact, IBDP is one of the only CCS projects 
in the world to use an industrial source of CO2 from biofuels production. IBDP has accomplished all steps 
necessary, from site characterization to operation, to develop a CCS project in a deep saline reservoir.  It 
is the knowledge from this project and about the project development process that appears to be in highest 
demand nationally and internationally and will continue to be vital to commercialization potential. 
Recognition of this interest is reflected in the recent recognition of IBDP by the CSLF technical 
committee as a world premier project, which contributes to essential knowledge gaps in development of 
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CCS technology. With the start of injection at the IBDP in November 2011, STEP has seen an increase in 
requests for programs, site visits, and courses based on knowledge sharing and technology transfer 
specifically related to these projects. 
 
The program was developed in two phases.  Phase I (nine months) concentrated on establishing the 
processes for management, program development, and communication/information dissemination. Phase 
II (two years) focuses on implementation and training, capacity building, knowledge sharing, 
communication and information dissemination, and management. Training activities have included 
programs for all levels of attendees interested in CCS. Some of the topics include: CCS project 
development and engineering, CCS project planning and management, CCS communication, regulatory 
and legal frameworks, and site visit short courses.  
2.1. Phase 1 Development 
Phase 1 of the STEP development process involved building the program infrastructure. Several 
features of the STEP program were stipulated in the original DOE-NETL request for proposal. These 
features include: (a) e-alert system, (b) newsletter, (c) ask-an-expert function, (d) advisory board, (e) 
sponsorship program, (f) issuance of continuing education units for professionals (CEUs) and continuing 
education professional development units for teachers (CPDUs), and (g) a higher education event. 
 
 Upon funding, the project director and DOE-NETL program manager agreed upon the initial 
requirements for STEP development including milestones, project management plan, and development 
schedule. STEP staff consists of a director, one full-time training specialist, and one half-time graphics 
support person. The STEP Director works with the advisory board and other industry specialists to 
develop and review all programs and projects. The implementation of management and marketing 
strategies is the responsibility of the STEP staff under the supervision of the STEP Director. Routine 
evaluation of all programs and projects is conducted frequently and is necessary to ensure the long-term 
quality programs. For this reason, all training programs and educational activities include a course 
evaluation. 
 
With these guidelines in place, STEP began development by establishing a 5-person advisory board 
of industry experts with special focus on finance, technology, education, and job creation. A kick-off 
meeting was held in August 2009 with the advisory board to seek input and discuss strategy and future 
direction for implementation of the training program grant. Prior to the advisory board kick-off meeting, 
the STEP director conducted a strength, weakness, opportunity, and threat (SWOT) analysis. The SWOT 
and program objectives were presented to the advisory board at the first meeting. Results from the SWOT 
analysis identified the many factors important to consider in the program development stage, some of 
which are shown below: 
  
Strengths: 
• Connection with operational CCS injection demonstration site at IBDP 
• Involvement in multiple CCS, CCS characterization, and EOR projects 
• Significant technical expertise 
• STEP director on MGSC project management team 
• Availability of university conference and meeting facilities 
• Advisory board expertise and connections 
• MGSC Partnership involvement 
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• Reputation in region and long-term history of conducting education programs 
 
 
Weaknesses: 
• Limits on staff resources, time, and scheduling  
• Uncertainty of need, audience, and training for CCS 
• Success defined by long-term sustainability 
• No defined support beyond three-year contract 
• No established sponsorship program 
 
Opportunities: 
• Engage MGSC, industry partners, public, academic community through programs 
• Create new partnerships for wider audience 
• Provide short courses locally and at national meetings 
• E-learning 
• Grant writing for additional external funding for projects 
• Connection with energy literacy and new energy initiatives 
• National and international capacity building and knowledge sharing 
 
Threats: 
• Competition for same audience 
• Political uncertainty 
• Director potentially over-committed. 
 
Considering the SWOT analysis and previous experience, the advisory board made recommendations 
to conduct further situational analysis and market research. Also, at the recommendation of the advisory 
board, STEP contracted an external agency to create a program identity which included physical identity 
(logo, colour scheme, name), branding, website creation, and preliminary print materials. After the 
creation of the program identity, establishment of an advisory board, Furthermore, the infrastructure for 
STEP program development and implementation has been put in place. Also at recommendation of the 
advisory board, a situational analysis was conducted to examine the market potential for the training 
program start-up. The situational analysis included research into industry potential and need for CCS-
based education and training, existing customer and potential customer base, and potential products and 
programs. At the time the situational analysis was conducted, the following industry summary best 
described the potential for CCS deployment: 
 
While demand for energy continues to grow, our reliance on fossil fuels in the medium term is a 
certainty, yet the CO2 produced from these fossil fuels presents us with an unprecedented 
situation as greenhouse gases increase. It is widely accepted that CCS can play an important role 
in reducing green house gas emissions generated from these fossil fuels.   However, widespread 
acceptance and use of CCS is not solely dependent on science; but must include a regulatory 
component and public confidence and support. 
The situational analysis further identified challenges and key objectives such as the need for a 
database of contacts and potential customers as well as a mechanism for building said database. As a 
newly formed entity, STEP had a limited database of contacts, however STEP did have significant 
beneficial contacts and relationships developed through MGSC and the ISGS, which could be built upon. 
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In further support of this goal, a mechanism for self-addition to the STEP mailing list and database was 
created and added to the STEP website. Potential audiences and customers were defined during this 
analysis to include:  
• CCS project developers 
• Regulators 
• Early career scientists and researchers 
• Policy makers 
• Communication specialists 
• MVA providers 
• Educators (primary school, undergraduate and post-graduate faculty) 
One particular challenge identified by the situational analysis included potential competition among 
training programs. In addition to STEP, NETL selected six other technology transfer programs to develop 
regional sequestration technology training in the United States. The seven centers were to facilitate the 
transfer of knowledge and technologies required for site development, operations, and monitoring of 
commercial CCS projects. Each of these organizations is structured to potentially offer training programs 
and projects in direct competition to STEP. Recognizing this potential, representatives from each group 
came together for a collaborative discussion at the NETL Regional Partnerships Annual Review Meeting 
in October 2010 in Pittsburgh, PA. It was agreed that the centers would benefit from a collaborative, non-
competitive working relationship with open communication. 
Also during this phase, a newsletter to disseminate information was created and a sponsorship 
program was established to provide the financial base for a continued program to provide shared expertise 
and knowledge for a stronger CCS program. A multilevel sponsorship program was developed to attract 
financial support at all levels. Each level of sponsorship has a corresponding level of benefits for industry 
partners.  
2.2. Phase 2 Development 
The second phase of STEP development focused on deployment of marketing strategies identified in 
Phase 1 and program development through internal and external experts. Additionally, a higher education 
event was conducted as part of the fulfillment of the original DOE-NETL contract. A variety of strategies 
and tactics were deployed and are being used to successfully position STEP projects and services. These 
include, but are not limited to the development of the STEP brand and the utilization of the STEP website 
to disseminate information on all aspects of CCS. The website was constructed to have broad appeal and 
be functional for professionals seeking information as well as community activists (teachers, 
environmentalist, news agencies, etc.). It also was to include course information, training calendars, 
technology related information, and project updates. Furthermore, the website allows interested parties to 
sign up for quarterly e-mail alerts, continue the development of a comprehensive database of individuals 
and companies interested in CCS technologies, and leverage our corporate sponsors to develop mutually 
beneficial programs and projects. 
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To meet capacity building and knowledge sharing objectives, STEP worked with experts from ISGS, 
MGSC, Schlumberger Carbon Services, Industrial Economics, and the University of Wyoming to create a 
variety of programs and products related to CCS. Furthermore, STEP established relationships with US 
professional associations (American Association of Petroleum Geologists, Society of Petroleum 
Engineers, Council of Energy Research & Education Leaders) to provide jointly sponsored webinars and 
short courses and national conferences. Other programs include an international speaker series which has 
featured colleagues from CO2CRC, Illinois Clean Coal Institute, and Purdue University to-date.  
Several higher education programs have been developed to leverage the STEP affiliation with the 
University of Illinois. STEP and MGSC personnel regularly provide lectures and site visits to IBDP for 
University geology, engineering, and environmental studies courses. In addition, STEP and the MGSC 
were the proud hosts of the 2011 IEAGHG CCS Summer School. This annual premier capacity building 
event was held in the US for the first time in Champaign, Illinois and featured more than 30 CCS experts 
from around the world, a visit to IBDP, and networking opportunities for the 53 young and early career 
professionals from 26 countries who attended.  
 
2.3. Challenges and opportunities 
STEP and the other US sequestration training program grants were conceived of, and requests for 
proposals sought, in 2009 at a time when US climate policy drivers were expected to be imminent.  
However, early in the development of STEP these policy drivers failed to materialize, impacting the 
potential for developing a CCS industry in need of training. In an effort to use funding wisely and 
understand the developing market for CCS knowledge sharing and training, STEP has closely monitored 
political and technical accomplishments related to CCS since 2009. During this period, STEP has 
recognized the need for strategic program development, which has included establishing a broader base of 
programs, development of international programs, and an expansion in scope of available capacity 
building.  
 
To achieve this diversification, STEP developed significant relationships with clients and groups 
interested in CCS workshops, knowledge sharing, and capacity building.  One specific example is the 
development of a short course on logging technology and CCS-specific well design for the US EPA 
Region V permit writing team. STEP has also determined training needs and followed closely the 
emerging opportunity for knowledge sharing on a national and international level. The most successful 
example of the resulting programs is a Site Visit course (described below) in which visitors receive an 
overview and in-depth understanding of the IBDP. However, this potential has only recently been realized 
and was slower than expected. STEP has within the last 12 months started to enjoy significant progress 
with respect to building a reputation for knowledge sharing events nationally and internationally.   
3. Accomplishments 
The development of courses and site visits is one of STEPs primary means of knowledge transfer from 
this unique, living laboratory afforded by IBDP. With the start of injection at the IBDP in November 
2011, STEP has seen an increase in requests for programs, site visits, and courses based on knowledge 
sharing and technology transfer specifically related to these projects. Furthermore, STEP has begun to 
work with MGSC and ISGS to provide concentrated capacity-building opportunities featuring one-on-one 
technical meetings, hosting post-doctoral students and visiting scholars, and presenting at technical 
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venues around the world. Since its inception, STEP has achieved a great many accomplishments, 
including those listed below:  
 
• Creation of the training center, STEP identity, and administrative staffing 
• Creation of the STEP website (www.sequestration.org/step) 
• Program development and certification to issue Continuing Education Units (CEUs) and 
Continuing Professional Development Units (CPDUs) 
• Creation of a special STEP Lecturer Series to feature high profile visitors to the University of 
Illinois and MGSC CCS project developers 
• Hosting a higher education event.  
• Creation and hosting of two workshops for the Midwest Carbon Sequestration Science 
Conference, in Champaign, Illinois. 
• Creation of an electronic newsletter, e-Alert system, and “ask-a-scientist” 
• Creation of a well integrity and cementing workshop for US EPA Regulators 
• Issued over 500 continuing education credits and 475 continuing professional development units 
for more than 800 program participants 
• STEP has facilitated knowledge sharing and hosted delegations from Japan, Australia, China, 
Norway, South Africa, and United States 
• STEP instructors have presented lectures and presentations around the US and the world sharing 
knowledge and experience from the Illinois Basin – Decatur Project  
• STEP extension instructors have been recruited and regularly speak on behalf of the program on 
issues of CCS 
 
4. Future STEPs 
4.1. Lessons 
The most important component to STEP’s success is the association with an active operational CCS 
project. Other key factors that have impacted the development success of STEP to-date include, 
flexibility, close monitoring of policy and technology advancements, integration with new and existing 
partnerships, collaboration across CCS projects, leveraging opportunities as they arise, seeking 
knowledge sharing and capacity building in unexpected forums, and adaptability. 
4.2. Future Directions 
The development of STEP has progressed within the original funding framework. However, due to 
unanticipated changes within the CCS context globally, the deployment of programs has been somewhat 
slower than expected.  Yet, since the start of injection at IDBP in November 2011 STEP has started to 
enjoy significant progress with respect to building a reputation for capacity building and knowledge 
sharing events nationally and internationally. STEP is currently developing an additional workshop for 
US EPA Region V permit writers related to data interpretation, well mechanical integrity, and modelling. 
Additionally, STEP has recently contracted the University of Wyoming Science and Mathematics 
Teaching Center to develop a sequestration and energy educational curriculum to be pilot tested in 2013. 
Through this curriculum and associated professional development program for teachers, STEP will 
contribute to this growing educational need based on the US DOE sponsored Energy Literacy Essential 
Principles and Fundamental Concepts for Energy Education [2]. In addition, STEP is in the process of 
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developing a Financial Assurance for CCS workshop, which should be of great interest to industry 
professionals.   
 
The potential for STEP to have global impact in sequestration training, education, and knowledge sharing 
has just started to be realized.  The goals and objectives set by STEP in the proposal stage laid an 
excellent foundation to disseminate knowledge gained from the MGSC projects. The 2012-2013 
timeframe is essential for STEP to meet these objectives and to achieve self-sufficiency. A recently 
granted extension of the project timeline through September 2014 will provide opportunities to further 
organize and coordinate STEP programs with the active injection of carbon dioxide at IBDP, which runs 
through 2014, with post-injection monitoring for three years, ending in 2018. 
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